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Abstract

Introduction Bacterial meningitis poses significant medical challenges due to its acute inflammatory nature and potential for
severe neurological complications, emphasizing the need for prompt diagnosis and treatment. Limited data exists on its epi-
demiology and antimicrobial resistance trends among hospitalized patients in Saudi Arabia. This study aimed to investigate
these factors at a tertiary care hospital over six years.

Methods A retrospective analysis was conducted on cerebrospinal fluid samples results from 222 bacterial meningitis cases
among hospitalized patients between 2018 and 2023. Demographic, clinical, microbiological data, and antibiotic susceptibil-
ity patterns were collected and analyzed.

Results Pseudomonas aeruginosa (43%) was the predominant pathogen isolated. Neonates (16%) and children (47%) were
most affected population. Nosocomial meningitis accounted for 92% of cases, mainly in the intensive care settings (50.45%).
Extended-spectrum beta-lactamase was the leading resistance pattern (12.2%). Seasonal variation was observed, with a peak
incidence in October-November.

Conclusion The study highlights the substantial burden of bacterial meningitis among hospitalized patients, especially
among high-risk groups. Emerging antimicrobial resistance emphasizes the need for optimized surveillance and stewardship.
Future prospective research employing molecular techniques across multiple centers in the country is warranted to enhance
understanding and guide public health strategies in Saudi Arabia.
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Introduction

Bacterial meningitis, characterized by acute inflammation
of the meninges, subarachnoid space, and brain vascula-
ture due to infection, represents a critical medical condition
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necessitating urgent attention [1]. This illness is associated
with severe neurological complications, requires early diag-
nosis and prompt treatment initiation, and often leads to hos-
pitalization in intensive care units (ICUs) [2, 3]. The clinical
presentation of meningitis commonly features a classic
triad of symptoms, including fever, meningismus (head-
ache, neck stiffness, and photophobia), and altered mental
state. Additional potential manifestations among hospital-
ized individuals may encompass nausea, vomiting, malaise,
and seizures. In neonates and young children, symptoms
are frequently nonspecific or subtle, posing challenges in
confirming a definitive diagnosis [4, 5]. In pediatric popula-
tions, the incidence of meningitis is most prevalent among
children under the age of 1, while in adults, the median age
of onset is around 43 years [6, 7]. Over the past two decades,
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Western countries have witnessed a gradual decrease in the
incidence of community-acquired bacterial meningitis, with
rates declining by approximately 3—4% annually to reach
0.7-0.9 cases per 100,000 individuals yearly. In contrast,
African nations continue to experience significantly higher
incidence rates ranging from 10 to 40 cases per 100,000
persons annually [8]. The specific community incidence
of bacterial meningitis in Saudi Arabia remains elucidated
based a national registry, especially when it comes to hos-
pital settings.

In developed nations, nosocomial meningitis makes up
40% of bacterial meningitis cases and is linked to high
mortality and morbidity rates because of severe clinical
outcomes [2, 9]. Invasive medical procedures such as crani-
otomy, external ventricular drains (EVD), external lumbar
catheters, and lumbar punctures, in addition to moderate to
severe head trauma, subarachnoid hemorrhage, and occa-
sionally infections in patients with bacteremia, are con-
tributing factors [10—14]. Individuals who are undergoing
subarachnoid hemorrhage, tumor neurosurgery, or severe
traumatic brain injury (TBI) are most susceptible to devel-
oping postoperative meningitis [9].

Multiple pathogens, including bacteria, viruses, fungi,
and parasites, can give rise to central nervous system (CNS)
infections, such as meningitis. As diagnostic tools for
CNS infections evolve, the BioFire FilmArray Meningitis/
Encephalitis Panel has emerged as a promising alternative
to traditional CSF cultures, which have long been consid-
ered the “gold standard” in diagnosing CNS infections [15].
The culture of CSF is functional for bacterial meningitis.
However, it has an extended processing time and may be
affected by prior empiric antibiotic administration, timing
of lumbar puncture (LP), and volume of CSF collected [16].
Viral cultures are considered the gold standard for detect-
ing viable viruses. Viral isolates from clinical samples allow
further virulence and antiviral drug resistance analysis.
However, viral cultures have limitations, such as low yield
for some viruses, suboptimal sensitivity, and the need for
the technical expertise of well-trained technologists. There-
fore, molecular tests have replaced viral cultures in most
clinical virology labs [17, 18].

Given the significant burden of morbidity and mortal-
ity associated with bacterial meningitis globally, obtaining
accurate data on the critical causative agents and high-risk
populations is crucial for implementing effective pub-
lic health measures and providing optimal treatment [19].
Continuous evaluation of bacterial meningitis worldwide is
essential due to the variability of infectious agents over time,
across different regions, and among various age groups [20].
Considering the limited research on the etiology and epi-
demiology of bacterial meningitis either as community or
hospital acquired infections in Saudi Arabia, there is a need
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for comprehensive studies in this area. Therefore, our study
was conducted to investigate the diverse epidemiological
factors associated with bacterial meningitis among hospital-
ized patients over six years from 2018 to 2023 at a tertiary
hospital in Saudi Arabia.

Materials and methods
Study design and settings

A retrospective analysis was carried out at, King Fahad
Central Hospital (KFCH) a tertiary hospital in Jazan, Saudi
Arabia, on all cerebrospinal fluid (CSF) samples from hos-
pitalized and suspected cases of meningitis submitted to
the microbiology laboratory between January 2018 and
November 2023. The hospital functions as the designated
referral center for the region, strategically situated amidst
13 adjacent regions. Boasting a bed capacity of 500, this
hospital stands as the exclusive facility for neurosurgeries
within the region, holding regional prominence for leader-
ship in healthcare quality and patient safety.

Inclusion and exclusion criteria

Hospitalized patients of all ages, both male and female, who
were diagnosed with bacterial meningitis between January
2018 and October 2023 at KFCH were included in the study.
Patients diagnosed in 2023 who remained hospitalized at the
time of data collection in November 2023 were included.
However, their length of stay was incalculable due to ongo-
ing admission. Thus, we classified their length of hospital
stay as not determined (ND). Patients diagnosed with viral
or aseptic meningitis and those with central nervous system
tuberculosis (CNS TB) infections were excluded based on
clinical findings and CSF test results. Additionally, patients
with incomplete medical records regarding demographic
information or CSF analysis results were also excluded.

Data collection

A standard format was designed to collect and organize
patient test results and electronic medical information. The
collected data included crucial patient details, including age,
CSF collection date, hospitalization and discharge dates,
causative bacteria, and antimicrobial resistance pattern.
The information was collected from the hospital registry
database and organized using Excel, Microsoft Corpora-
tion (version 2023, Redmond, WA, USA). We ensured that
the data was kept confidential and accurate throughout the
entire process as a top priority.
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CSF collection and analysis

The cerebrospinal fluid (CSF) samples, obtained through
a lumbar puncture under aseptic conditions, were received
and processed within an hour of arrival at the laboratory.
In the beginning, Gram-stained smears were prepared. The
samples were incubated on blood, chocolate, and MacCo-
nkey agar plates at 37 °C with 5% CO2 for 2448 h. The
organisms were identified and validated using automated
systems such as VITEK 2 (bioMérieux, Durham, NC, USA)
and MicroScan (West Sacramento, CA, USA) [21]. Bac-
terial meningitis was categorized as community-acquired
(CAl) if the patients had not been hospitalized at the onset
of the disease and occurred two weeks after discharge from
the hospital or four weeks after surgical treatment [22]. It
was considered hospital-acquired (HAI) if the diagnosis
was made after a minimum of 7 days after hospitalization,
with initial hospitalization unrelated to meningitis or sepsis,
or the patient underwent surgery within the previous four
weeks [23].

Antibiotic susceptibility test

The assessment of antibiotic susceptibility was conducted
with the use of the totally automated VITEK system (bio-
Meérieux, Durham, NC, USA). This system conducted
minimum inhibitory concentration (MIC) assays and antimi-
crobial susceptibility testing for various antibiotics compris-
ing beta-lactams (penicillins, carbapenems, cephalosporins,
and monobactams), sulfonamides, aminoglycosides, tet-
racycline, fluoroquinolones, glycopeptides, polymyxins,
chloramphenicol, and rifampin. Isolates were classified
into four resistance patterns according to standardized defi-
nitions. Carbapenem-resistant Enterobacteriaceae (CRE)
refers to isolates demonstrating in vitro non-susceptibility
to any carbapenem and/or documented carbapenemase
production. Extended-spectrum beta-lactamase (ESBL)
producers were defined as encoding enzymes capable of
hydrolyzing penicillins, first-, second-, and third generation
cephalosporins, and monobactams. Methicillin-resistant
Staphylococcus aureus (MRSA) denoted isolates with an
oxacillin minimum inhibitory concentration (MIC)>4 pg/
mL [24]. Multidrug-resistant (MDR) organisms were cat-
egorized as non-susceptible to >3 antibiotic classes [25].
The Clinical Laboratory Standards Institute (CLSI) guide-
lines (33rd Edition, 2023) were adhered to during the data
analysis and interpretation.

Data quality assurance

One of the authors extracted patient information from medi-
cal records into a Microsoft Excel spreadsheet to ensure

data quality and integrity. Two additional authors indepen-
dently validated all extracted data entries by cross-checking
with source documents for verification purposes. Any dis-
crepancies between data abstractors were resolved through
a joint re-examination of original medical records. Patients
with missing medical records were also excluded.

Statistical analysis

The data was structured in a tabular format and analyzed
descriptively by calculating means and creating frequency
tables. The IBM SPSS version 25 software was utilized to
conduct statistical analysis. Univariate analysis was used to
investigate individual variables through statistical tests such
as chi-squared (y2) for categorical variables. Only variables
with p-values of 0.05 or less were considered significant
predictors.

Ethical approval

The Health Ethics Committee in Jazan, Saudi Arabia,
approved the study [number 2328 dated 21/03/2023], and
the confidentiality of the collected data was appropriately
maintained. The research carried out a secondary analysis
of anonymous monitoring data that had been consistently
collected. The study followed the ethical policies outlined in
the Helsinki Declaration and specific regulations set by the
National Committee of Bioethics in Saudi Arabia. Standard
clinical methods were employed to obtain data from patient
files and laboratory databases without disclosing any per-
sonal information of the patients.

Results

During the study, 222 samples were collected from patients
with bacterial meningitis at KFCH, all meeting the inclusion
criteria. Of these patients, 104 (47%) were children aged
29 days to 17 years, 83 (37%) were adults aged 18 years or
older, and 35 (16%) were neonates aged 28 days or younger.
Concerning admission location, 112 (50.45%) were reported
from all types of ICUs, while 110 (49.55%) were from the
wards. Meningitis of hospital origin (HAI) has a more sig-
nificant proportion than community-acquired infections,
with rates of 92% and 8%, respectively. Extended-spectrum
beta-lactamase (ESBL) was the most common antibiotic
resistance pattern in 12.2% of cases. Carbapenem-resistant
Enterobacteriaceae (CRE) and multidrug-resistant organ-
isms (MDRO) were each responsible for 5.4% of cases.
MRSA had the lowest frequency rate, representing only
1.4% of cases. Patients were grouped based on length of
hospitalization: more than three months (33%), 2—-3 months
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(30%), and less than two months (32%). The prevalence of
bacterial meningitis during the study period from January
2018 to November 2023 was highest in 2020, with 30% of
cases, while the lowest rate was observed in 2018, with only
3% of cases. Further details about the patients’ character-
istics are available in Table 1. Pseudomonas aeruginosa
accounted for most bacterial meningitis cases (43%), fol-
lowed by Klebsiella pneumoniae (14%). Proteus mirabilis,
Escherichia coli, Serratia marcescens, and Acinetobacter
baumannii accounted for 5% of cases each. The distribution
of the causative organisms of bacterial meningitis can be
visualized in Fig. 1.

CRE: carbapenem-resistant Enterobacteriaceac. ESBL:
extended spectrum beta-lactamase. MDRO: multidrug-
resistant organism. MRSA: methicillin-resistant Staphylo-
coccus aureus. CAI: community-acquired infections. HAI:
hospital-acquired infections. ND: Not determined. ICU:
intensive care unit.

Table 2 indicates that Gram-negative bacteria were the
cause of 87% of cases, while Gram-positive bacteria were

responsible for 13%. The majority of Gram-negative bacte-
ria were found in ICUs (54%), while wards were the most
admission location for Gram-positive bacteria with 71%
of cases (p-value=0.013). Regarding the origin of infec-
tions, meningitis of hospital origin (HAI) accounted for the
majority of both Gram-negative bacteria and Gram-positive
bacteria, with rates of 94% and 75% of cases, respectively
(p-value > 0.005). Concerning antimicrobial resistance pat-
terns, ESBLs were reported in 14% of Gram-negative bac-
teria, followed by MDRO and CRE with 6% of cases for
each. Out of 28 cases of Gram-positive bacteria, 11% were
reported as MRSA (p-value>0.005). Length of hospital
stay was more than three months for 36% of patients with
Gram-negative bacteria and only 11% for those with Gram-
positive bacteria (p-value > 0.005).

Table 3 provides additional information about the char-
acteristics of patients and their correlation with antimicro-
bial resistance patterns. ESBL bacteria were detected in
neonates (44%), adults (30%), and children (26%). CRE
was found in children (58%) and adults (42%). MDRO

Table 1 Descriptive analysis for the included data based on years 2018-2023

Variable 2018 (n=7, 2019 (n=22, 2020 2021 2022 2023 Total
3%) 10%) (n=67, (n=44, (n=47, (n=35, (n=222,
30%) 20%) 21%) 16%) 100%)
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Age group Neonates 6 (86) 6 (27%) 11 (16%) 4 (9%) 2 (4%) 6 (17%) 35 (16%)
Children 1 (14%) 11 (50%) 46 (69%) 18 (41%) 5(11%) 23 (66%) 104 (47%)
Adults 0(0) 5(23%) 10 (15%) 22 (50) 40 (85%) 6 (17%) 83 (37%)
Location ICU 6 (86%) 8 (36%) 55(82%) 18 (41%) 17 (36%) 8 (23%) 112
(50.45%)
WARD 1 (14%) 14 (64%) 12 (18%) 26 (59%) 30 (64%) 27 (77%) 110
(49.55%)
Origin of infection  CAI 0 (0%) 1 (5%) 4 (6%) 4 (9%) 1 (2%) 8 (23%) 18 (8%)
HAI 7 (100%) 21 (95%) 63 (94%) 40 (91%) 46 (98%) 27 (77%) 204 (92%)
Alert CRE 0 (0%) 0 (0%) 9 (13%) 0 (0%) 3 (6%) 0 (0%) 12 (5.4%)
ESBLs 3 (43%) 1 (5%) 8 (12%) 6 (14%) 3 (6%) 6 (17%) 27 (12.2%)
MDRO 0 (0%) 2 (9%) 0 (0%) 8 (18%) 0 (0%) 2 (6%) 12 (5.4%)
MRSA 0 (0%) 0 (0%) 1 (1%) 2 (5%) 0 (0%) 0 (0%) 3 (1.4%)
No alert 4 (57%) 19 (86%) 49 (73%) 28 (64%) 41 (87%)  27(77%) 168 (75.6%)
Gram stain Negative 7 (100%) 17 (77%) 61 (91%)  37(84%) 42(89%) 30 (86%) 194 (87%)
Positive 0 (0%) 5(23%) 6 (9%) 7 (16%) 5 (11%) 5 (14%) 28 (13%)
Length of hospital <2 months 0 (0%) 5(23%) 18 27%) 19(43%) 17(36%) 12(34%) 71 (32%)
stay 2-3 months 2 (29%) 2 (9%) 49 (73%) 10 (23%) 2 (4%) 1 (3%) 66 (30%)
>3 months 5(71%) 15 (68%) 0 (0%) 15 (34%) 28 (60%)  10(29%) 73 (33%)
ND 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 12 (34%) 12 (5%)
Organisms Pseudomonas 1 (14%) 8 (36%) 35(52%) 18 (41%) 14 (30%) 20(57%) 96 (43%)
aeruginosa
Klebsiella 3 (43%) 1 (5%) 12 (18%)  10(23%) 6 (13%) 0 (0%) 32 (14%)
pneumoniae
Proteus mirabilis 0 (0%) 0 (0%) 0 (0%) 0 (0%) 11 (23%) 0 (0%) 11 (5%)
Escherichia coli 1 (14%) 1 (5%) 3 (4%) 2 (5%) 2 (4%) 1 (3%) 10 (5%)
Serratia marcescens 0 (0%) 0 (0%) 8 (12%) 0 (0%) 0 (0%) 2 (6%) 10 (5%)
Acinetobacter 1 (14%) 2 (9%) 0 (0%) 2 (5%) 3 (6%) 2 (6%) 10 (5%)
baumannii
Others 1 (14%) 10 (45%) 9 (13%) 12(27%) 11 (23%) 10(29%) 53 (24%)
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Table 2 Variables categorized based on Gram:stain test with 42% of cases (p-value = 0.014). ESBLs are prevalent in
Variable grartn'Negatwe ?rarg'})‘:s’f p-value Klebsiella pneumoniae (48%), followed by Escherichia coli
acteria 1v€ bacteria .
(n=194,87%) (n=28, QZ%) an.d Klebsiella aerogenes (1?%). CRE are .report.ed
13%) in Serratia marcescens and Klebsiella pneumoniae with
n (%) n (%) 58% and 42%, respectively. MDRO cases were exhibited
Age group Neonates 33 (17%) 2 (7%) 0.058 in Pseudomonas aeruginosa and Acinetobacter baumannii,
Children 94 (48%) 10 (36%) with 33% cases each (p-value > 0.005).
Adults 67 (35%) 16 (57%) Figure 2 illustrates the temporal distribution of bacterial
Location  ICU 104 (54%) 8(29%) 0.013 meningitis cases over the period between January 2018 and
0, 0, . . . .
. WARD % (406 %) 20 (73 %) November 2023. The highest incidence of cases occurred in
Origin CAI 11 (6%) 725%) <0.005 October (17%) and November (16%). July had the lowest
HAI 183 (94%) 21 (75%) revalence, recorded at 3%, compared to other months
Alert ESBLs 27 (14%) 0 (0%) <0005 P ’ o, comp :
MDRO 12 (6%) 0(0%)
CRE 12 (6%) 0 (0%) . .
MRSA 0 (0%) 3 (11%) Discussion
No alert 143 (74%) 25 (89%)
Length of <2 months 51 (26%) 20 (71%) <0.005 Over the last three decades, the epidemiology of bacterial
hospital 2-3 months 61 (31%) 5 (18%) meningitis has considerably changed. This change can be
stay >3 months 70 (36%) 3(11%) attributed to the availability of conjugate vaccines, which
ND 12 (6%) 0 (0%) target Haemophilus influenzae type B, Streptococcus pneu-

CRE: carbapenem-resistant Enterobacteriaceae. ESBL: extended
spectrum beta-lactamase. MDRO: multidrug-resistant organism.
MRSA: methicillin-resistant Staphylococcus aureus. CAI: commu-
nity-acquired infections. HAI: hospital-acquired infections. ND: Not
determined. ICU: intensive care unit

were isolated in adults (50%) and children (42%). MRSA
cases were reported in children (67%) and adults (33%)
(p-value>0.005). CRE were reported in wards (75%),
while ESBLs were mostly in ICU (74%). Most MDRO
were reported at wards with rates of 58%, followed by ICU

moniae, and Neisseria meningitidis. Furthermore, pregnant
women and individuals with weakened immune systems
are now receiving prophylactic antimicrobial therapies as a
preventive measure. Due to the considerable morbidity and
mortality rates linked to bacterial meningitis, having precise
knowledge about the critical causative agents and high-risk
populations is crucial for implementing effective public
health interventions and ensuring optimal patient care [19,
26]. The primary objective of this study is to examine the
trends in the epidemiology of bacterial meningitis among
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Table 3 Descriptive analysis for the included data based on their relationship to antimicrobial resistance patterns

Variable CRE (n=12,5.4%) ESBLs (n=27,12.2%) MDRO (n=12,5.4%) MRSA (n=3, 1.4%) p-value
n (%) n (%) n (%) n (%)

Age group Neonates 0 (0%) 12 (44%) 1 (8%) 0 (0%) <0.005
Children 7 (58%) 7 (26%) 5 (42%) 2 (67%)
Adults 5 (42%) 8 (30%) 6 (50%) 1 (33%)

Location ICU 3 (25%) 20 (74%) 5 (42%) 0 (0%) 0.014
WARD 9 (75%) 7 (26%) 7 (58%) 3 (100%)

Origin CAI 0 (0%) 1 (4%) 0 (0%) 0 (0%) 0.406
HAI 12 (100%) 26 (96%) 12 (100%) 3 (100%)

Length of hospital <2 months 5 (42%) 10 (37%) 7 (58%) 2 (67%) 0.083

stay 2-3 months 7 (58%) 7 (26%) 3 (25%) 1 (33%)
>3 months 0 (0%) 10 (37%) 2 (17%) 0 (0%)
ND 0 (0%) 0 (0%) 0 (0%) 0 (0%)

CRE: carbapenem-resistant Enterobacteriaceae. ESBL: extended spectrum beta-lactamase. MDRO: multidrug-resistant organism. MRSA:
methicillin-resistant Staphylococcus aureus. CAI: community-acquired infections. HAI: hospital-acquired infections. ND: Not determined.

ICU: intensive care unit

Fig. 2 Distribution of the positive 18%
cases of meningitis during the
months of the years 2018-2023
(n=222)

16%
14%
12%
10%
8%
6%
4%
2%

0%

hospitalized patients in southwestern Saudi Arabia. The
investigation is carried out in a facility acknowledged as
a referral center and the exclusive venue for neurosurger-
ies in the region. The discernible variations in the positiv-
ity rate across years primarily stem from enhancements in
internal protocols governing the handling of CSF samples,
guided by insights from treating physicians and laboratory
practices. Furthermore, these fluctuations could be linked to
local practices, where private or primary centers often resort
to antibiotic administration in emergency settings even prior
to conducting lumbar punctures. Additionally, the undeni-
able impact of the COVID-19 pandemic has contributed to
these observed variations.

Our study observed a higher incidence of meningitis
among pediatric populations, with 63% of cases occurring
in neonates and children, consistent with previous observa-
tion [27]. The increased vulnerability of children to bacte-
rial meningitis can be attributed to their immature immune
systems, specifically their limited ability to combat bacteria
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commonly associated with this condition [28]. Notably,
more than three-quarters of all cases of bacterial meningi-
tis occur in children under the age of five, underscoring the
significant impact of this infection in this age group nation-
ally and globally [28, 29]. Moreover, the local practice,
characterized by trained pediatricians and the presence of
an organized residency and fellowship programs, may exert
influence on the quality of the submitted CSF samples and,
consequently, impact the obtained positive results. In con-
trast, adults accounted for a substantial portion of menin-
gitis cases (37%). The elevated susceptibility of adults to
bacterial meningitis may originate from various factors,
including a higher prevalence of acute and chronic under-
lying diseases and immunosenescence, which denotes a
decline in immune function associated with aging. Notably,
epidemiological studies have linked pneumonia, diabetes,
renal or hepatic failure, and other chronic conditions with
bacterial meningitis in older adults [30-32].
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Meningitis caused by Gram-negative rods can be
acquired through direct meningeal infection from neurosur-
gical procedures or trauma. Alternatively, it may result from
the hematogenous spread of these organisms come from
a distant infection site, such as the urinary tract or abdo-
men. Adults appear to experience gram-negative meningitis
related to these etiologies more frequently than other age
groups [33-35]. Our study revealed that HAI constituted the
predominant majority (92%) of meningitis cases, in contrast
to the 8% observed in the community. This underscores the
considerable burden of healthcare-associated meningitis,
an anticipated outcome in the singular center responsible
for conducting neurosurgeries in the region. The facility
handles numerous complex neurosurgical cases, includ-
ing procedures such as tumor resection and the insertion or
alteration of ventriculoperitoneal shunts. Regarding admis-
sion location, over half (50.45%) of causative organisms
were from ICU patients. Reported nosocomial meningitis
incidences vary globally from <1-7% overall and 0.34-
25% post-operatively [10, 36, 37]. Risk factors include
invasive neurosurgical procedures, spinal interventions,
catheter/device implantation, head trauma, and prolonged
ICU stays [14], allowing opportunistic pathogens such as
Gram-negative rods to breach central nervous system barri-
ers and establish infection [38]. The predominance of ICU-
derived isolates in our cohort likely reflects the vulnerability
of critically ill, neurologically complex patients to device-
related meningitis. The results of our study contrast with
previous reports on the etiology of bacterial meningitis. Our
investigation revealed that gram-negative bacteria are the
principal causative agents in 87% of bacterial meningitis
infections. Specifically, Pseudomonas aeruginosa was the
leading cause in 43% of cases, which diverges from other
reports typically implicating gram-positive Streptococcus
pneumoniae alongside the gram-negative Neisseria menin-
gitidis as predominant etiologies [23, 39]. These differences
in findings can be attributed to the nature of the collected
data, which predominantly stems from hospitalized patients
who are more prone to HAI. Gram-negative rods typically
inhabit the gastrointestinal and urogenital tracts and their
access to the central nervous system may be facilitated
by conditions weakening gut barrier integrity [40]. This
disparity may relate to factors increasing Gram-negative
bacteremia risk in our locale, including a high prevalence
of diabetes, malaria, sickle-cell disease, and other chronic
conditions that compromise resistance to infection [41-43].
Also, this increase can be explained by a greater incidence
of post-neurosurgical forms, which may be explained by
the significant rise in head and spinal cord surgical proce-
dures in recent decades [44]. However, several studies have
pointed to increase the frequency of Gram-negative bacte-
rial meningitis over the last decades [45, 46].

In terms of specific etiologies, our identification revealed
a bacterial profile typically associated with hospital set-
tings rather than community settings. The most prevalent
pathogens were Pseudomonas aeruginosa, Klebsiella pneu-
moniae, and Escherichia coli. This pattern differs from
trends observed elsewhere, where the impact of Haemophi-
lus influenzae type b vaccination often influences preva-
lence rates [47-53]. Globally, such programs dramatically
reduced Hib meningitis [47, 48]. Corresponding shifts
towards Streptococcus pneumoniae and Neisseria meningit-
idis predominated in children in developed nations and com-
munity settings [1, 49-55]. The primary cause of bacterial
meningitis was Pseudomonas aeruginosa, which accounted
for 43% of cases in our findings. Pseudomonas aeruginosa
is the most frequent cause of nosocomial meningitis [39].
The current study exhibited that 92% of bacterial meningitis
cases were HAI, which could explain the high incidence of
Pseudomonas aeruginosa in this study. However, regional
differences may partially explain why our findings depart
from this pattern, warranting further exploration of local
epidemiological and immunization factors. Compared to
previous work, these divergent results highlight the impor-
tance of characterizing meningitis etiology within specific
geographic contexts.

The results of our study showed significant variability
in the incidence of bacterial meningitis during the 6-year
study period, with the highest rate observed in 2020 coin-
ciding with the initial COVID-19 pandemic outbreak. This
temporal association suggests that containment measures
implemented to control SARS-CoV-2 transmission, such as
lockdowns and social distancing, have indirectly impacted
meningitis epidemiology. This contrasts with reports of
declining meningitis cases from hospitals in Germany and
China during that time [56, 57]. There are several poten-
tial explanations for this observation. First, overall reduc-
tions in bacterial respiratory infections following pandemic
containment strategies have been documented [58]. Addi-
tionally, surveillance data from 26 countries found tem-
porary declines in common respiratory bacteria, including
S. pneumoniae and Haemophilus influenzae, shortly after
restrictions began [59]. While the reasons for the increased
incidence of meningitis in our study during the pandemic
require further exploration, these findings indicate the com-
plex interactions between infectious diseases and public
health policies. Additionally, the heightened hospitaliza-
tion rates and cautious attitudes of healthcare professionals
during sample collection may have contributed to a higher
positivity rate.

The management of bacterial meningitis of HAI is
becoming increasingly challenging due to the growing con-
cern of antimicrobial resistance worldwide. ESBL bacteria
were found in 12.2% of the isolates in the present study.
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Klebsiella pneumoniae had the highest proportion among
ESBL-producing cases, accounting for 48%. These results
are low compared to the previous study conducted in China
[60]. ESBL Klebsiella species have become a significant
problem in hospitals due to their high virulence, extraordi-
nary ability to spread, and resistance to multiple antibiotics
[61]. CRE was also reported in 5.4% of cases of meningitis
in the current study, which played a significant role in neuro-
surgical bacterial meningitis with strong invasiveness, high
toxicity, high morbidity and mortality rates [62]. A small
proportion of MRSA cases were identified (1.4%). Patients
with prolonged hospitalization and multiple risk factors for
MRSA infection, such as central venous or urinary cathe-
ters, intubation, or antibiotic therapy, are prone to MRSA
meningitis, which is typically a nosocomial infection [63].
However, this low percentage compared to others may be
due to the local screening programs for better identification
and appropriate intervention needed in such cases.

The study analyzed a six-year dataset from 2018 to 2023,
providing evidence of changing trends in meningitis epide-
miology in Saudi Arabia. It also showed the common isola-
tion among different age groups and their resistance pattern.
Despite that, some limitations still exist in this study. First,
this is a retrospective study, and the conclusion mostly
depends on the accuracy of the data in the hospital, which
may result in selection bias and variation in the healthcare
that evolved in the previous years. Second, we did not
include all clinical variables related to bacterial meningi-
tis, such as the patient’s history and clinical characteristics,
molecular characterization of causative agents, and primary
clinical laboratory tests were not embedded. Lastly, the
study reported a peak in bacterial meningitis cases in 2020,
concurrent with the COVID-19 pandemic. The influence of
pandemic-related factors on disease incidence and treatment
outcomes warrants further investigation to delineate causal
relationships.

Future research directions should prioritize a multifac-
eted approach to address the identified limitations, includ-
ing the retrospective study design and single-center focus,
to enhance the generalizability and depth of understanding.
Investigating the underlying mechanisms driving antimi-
crobial resistance, exploring external factors influencing
disease dynamics, and conducting prospective multicenter
studies could provide a comprehensive understanding of
bacterial meningitis epidemiology in Saudi Arabia. Further-
more, molecular characterization of resistant strains, evalu-
ation of vaccination impact, and continued surveillance
to monitor evolving trends are critical for guiding public
health strategies and optimizing patient care in managing
bacterial meningitis.

@ Springer

Conclusion

In conclusion, our study offers valuable insights into bacte-
rial meningitis’s epidemiology and antimicrobial resistance
profiles in a Saudi Arabian tertiary hospital setting. Key
findings revealed a predominant occurrence of bacterial
meningitis in pediatric populations, with a notable vulner-
ability among neonates and children. The study highlighted
a concerning prevalence of nosocomial meningitis, particu-
larly in ICU settings, indicating the significance of health-
care-associated infections in the burden of the disease. The
dominance of Gram-negative bacteria as causative agents
challenged traditional pathogen trends observed in other
regions and emphasized the need for region-specific epide-
miological investigations. The temporal variability in men-
ingitis cases, notably the spike in incidence during the initial
outbreak of the COVID-19 pandemic, could be related to
the potential impact of external factors on disease patterns.
The emergence of antimicrobial resistance, notably ESBL,
CRE, and MRSA, poses a significant challenge in manag-
ing bacterial meningitis, necessitating a focused approach
towards surveillance and stewardship to preserve treatment
efficacy.
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